Abstract. This document contains supplementary materials including oceanographic and geological
Hydrodynamic settings of the Messina Strait (currents and ISWs)
The Messina Strait separates Sicily from the Italian peninsula (Figure 1 ). It therefore connects the 25 Tyrrhenian Sea with the Ionian Sea and it is characterized by strong hydrodynamic conditions. The of the phenomenon (which would lead to a breaking wave) and by the dispersion of the media.
41
When these two effects are balanced, coherent structures emerge from an initial disturbance and 42 travel as Internal Solitary Waves (ISWs), also called solitons 8 .
43
ISWs have been observed in coastal ocean through in situ measurements (CDT, XBT, current-44 meters) and remote sensing (SAR and Ocean Color images; Figure S1 ). 
where h j and  j are, respectively, the depth and density of the upper (j=1) and lower (j=2) layers,
is the reduced gravity with  1  2 and  =  1 - 2 . We recall that if h 1 < h 2 (i.e., a 111 thin upper layer), then  < 0, which results in a downward displacements of the ISW, that is  < 0..
112
In a shallow water approximation, and assuming that the upper layer is thinner than the lower one, 
where cʹ is the non-linear phase speed and L is the measure of the width of the soliton solution (i.e., 
132 which allows to explicitly write equation (S5) as a function of the two layer water depths:
Hence, we can solve the ODE (S7) by separation of variables method: in the simple case of h 2 (y) =
135
H − dy ( Figure 3a) the trajectory of the wave direction is given by
The integration of equation (S8) 
Estimating sand waves migration rate

143
To estimate the transport capacity of velocity field induced by the passage of the ISW over the 144 sand-wave field we convert the bottom layer velocity (u 2 ) to shear velocity (u * ) using the law-of- passage) can contribute from 50 to 70% of the whole signal.
154
We then recognize all data points for which shear velocity exceeded the critical value for 
